HALICHONDRIN B ANALOGS Related Applications [0001]This application claims the benefit of
priority to U.S. Provisional Application No. 61/042,643, filed April 4, 2008, and U.S. Provisional
Application No, 61/071,111, filed April 11, 2008, both of which are herein incorporated by reference in
their entirety. Field of the Invention [0002]This invention relates to halichondrin B analogs having
pharmaceutical activity. In some embodiments, the analogs have a crystalline form and/or have a
further utility as a synthetic intermBebACHONDRRB ANSRSGTalichondrin 13 analog E7389, a
compound having potent anticancer properties. s H044 0 26"28 0 0 0 3527 26' il" ---------- % H2N 260
Ms 0 HMawea0dddiiaddend6 15 0 E7389 Background of the Invention [0003]Halichondrin B, a potent
anticancer a%ent was first isolated from the marln§ spot= Halichondria okadai. |t is_also found in

Axinella §P0Bhakdiltis aBrtisAtiamEHIRS SicfemaR)e SRR RERE O Mo B S MBRIAFERRN vitro
inhibitionsefuhedin awm@ﬁnzatmsnahm&mmﬁ}aﬁmb&pmmﬁmlm rosslinkdingl &P and
vmblasth(? 1%1&4 bg%]g j tubulinde end(?ﬂ tGT r%/drol is. It has also shown in vitro and in
vivo anticancer act [ lf]sff e If}aﬁo‘é)% o ce)}ﬁt SLEBFHAlichondrin B in 1992. See
Aicher, T. D. eta?., J Am Chem. Soc. 114:3162-3164, and Zheng, W. J. et at, J. Bioorg, Med. Chem.
Lett 2404, 14, 2231, The gyntheses of halichondrin 13 and various analogs have also been described

nU.S. ;- 6,365,759; 6,469,182; and 6,653,341, in U.S. published patent applications
2004/01%@%% andl Bwosw@mmgeﬂatma mimm@&h@@%pmmwmﬂl@gw alrof which

are hereip,incorpRraied Ry HefaraneeHM hel-aatingly form and/or have a further utility as a
synthetic intermediate in the synthesis of the halichondrin B analog E7389, a compound

having potent anticancer properties.
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Background of the Invention

[6003) Halichondrin B, a potent anticancer agent, was first isolated from the marine sponge

Halichondria okadai. It is also found in Axirella sp., Phakellia carteri, and Lissondendryx sp.
Halichondrin B has demonstrated iz vifro inhibition of tubulin polymerization, microtubule
assembly, beta®-tubulin crosslinking, GTP and vinblastine binding to tubulin, and tubulin-
dependent GTP hydrolysis. It has also shown in vitre and in vive anticancer activity.

[0004] Alcher, et al. published a 1otal synthesis of halichondrin B in 1992, See Aicher, T.
D.etai, J. Am, Chem. Soc. 114:3162-3 164, and Zheng, W. J. et gl., J. Bioorg. Med Chem.
Lett. 2004, 14, 5551, The syntheses of halichondrin B and various analogs have also been



Summary of the Invention [0005]This invention relates to halichondrin B analogs having
pharmaceutical activity. The analogs have a crystalline form and/or have a further utility as a synthetic
intermediate in the synthesis of the halichomirin B analog E7389, a compound having potent
anticancer properties. Accordingly, the invention relates to a crystalline form of ER-076349
monohydrate; a crystalline form of ER-809681, the compound ER-820057 or a crystalline form of

ER-8200157HReIG8Hpb BRPERES] 88606 G % D Stafitdrbin sTEREER3606n He BMbBEdd ER-819531
ora crysgaihﬂ@a@ima%%@m%@%@mnmmmw R 11 289 70psrsysigilioaitalioref ER-111197.

The invention also relates to pharmaceutical co osmons contalnlng these compounds, and methods
of treatlnﬂ)ggﬂééﬁ%%r%%Pﬁl}’fl}é‘fé}ﬁ‘\ﬁ]i‘f"r‘@‘@dﬁ‘?ﬁﬁfﬂ%% B EH SR BB BERIG¥es [0006]Fig. 1-A is an
ORTEP drawing of the single crystal structure of ER-076349-00 monohydrate. 100071Fig. 1-B is the
crystal ackln d| gram of ER-076349 monohydrate along the b- axis. [0008]Fig. 1-C is the X-ray
Powdef ction BaRern of ER-076349 monohydrate crystallized from isopropyl alcohol.
[OOOQ]Fl@ﬁ(H}ﬂ is a%mméﬁ%mmwmmm}&ﬁéﬁﬁ%mm@mngMﬂWVamlastsoiyents [0010]Fig.
1-E is a.-plot OEIt ESC of ER1976 49 m dragg cr stal ed fromgegl nolt£001allLqun1 F is a plot

of the DSC of ERE rpbaiey fom s |sopr panoﬁ 0isa plot of the

076340 motrgllo rate crystallize
DSC of HR-&76846 ﬁdh@h@d@é@?ﬁ@ﬂ@ea Iﬁ%%mmmﬁ@@a@}ﬁgnzmt@m@w drawing of the

single crysiplsleCuge Rl 5129 mengei ke PR aRlYARrm0 IEig 246 Is the crystal packing
diagram of ER-818906 monoace onitrile solvate along the c-axis. 100151Fig. 2-C is the XRPD pattern

of ER-8 8088 &R 25 aon ine Ham cE BRt e nitecque e iFRLAS Anre kel ifawing of the
single crysial stirigreoshEhe24853dnEpR-CABOIA) ManahyHEem of ER-818906; the

compound ER-819531 or a crystalline form of ER-819531; and the compound ER-~111197 or a
crystaitine form of ER-111197. The invention also relates to pharmaceutical compositions

contatning these compounds, and methods of treating cancer by administering the compounds.

Brief Bescription of Ficures
[0066] Fig. 1-A is an ORTEP drawing of the single crystal structure of ER-076349-00

monohvdrate.
[6007) Fig. 1-B is the crystal packing diagram of ER-(076349 monohydrate along the b-
axis.

[6808] Fig. 1-C is the X-ray Powder Diffraction (XRPDj pattern of ER-076349
monohydrate crystallized from isopropyl alcohol.

[0669] Fig. 1-D is a plot of XRPD patterns of ER-076349 monochydrate from various
solvents.

[0610] Fig. 1-E is a plot of the DSC of ER-076349 monohydrate crystallized from ethanol.
10011} Fig. 1-F is a plot of the DSC of ER-076349 monchydrate crystallized from
isopropanol.

[0612] Fig. 1-(i is a plot of the DSC of ER-07634% monochydrate crystallized from
propiomtrile.

[0613] Fig. 2-A is an ORTEP drawing of the single crystal structure of ER-818906 mono-

acetonitrile solvate.



[0017]Fig. 3-B is the crystal packing diagram of ER-819531 (epi-C23 din!) monohydrate along the
b-axis. [0018]Fig. 3-C is the XRPD pattern of ER-819531 (epi-C23 diol) [0019]Fig. 4-A is the XRPD
pattern of ER-820057 (epi-C23 amine). [0020]Fig. 5-A is an OR LEP drawing of the single crystal
structure of ER-111197 (epi- (epoxide). [0023]Fig. 6-B is the crystal packing diagram of ER-809681
ng the b-axis, 10024]Fig. 6-C is the XRPD pattern of ER-809681 (epoxide). [0025]Fig.

Ese-goixs'?ﬁi“%‘lfi’émat ExXRPIS B‘ﬁtfé?ﬁ??fi’é‘?%ié%%@ia(’éﬁéﬁpﬁé?%?Qf%mé’&%‘”e%’ew&ﬁ P Hfention
[0026]Asattesatibediiis U.S. Patent 6214,865, the haliehondrin B analog, ER-086526 (identified as
compourdV TSk 07874 AR A BBV L EHER] P 07 BBl BoPObGE e Eries the
preparatisrivefeER-076349 (B-1793) as well as its use in the preparation of several other halichondrin B
s coaoribelT ) PP A ChaeR W SOBoT e ALCBIeNG 04 o So0L tbeas.
ER-0763435%diebrventdydrits. ER-086526 as follows:

[0017F  Fig. 3-B 1s the crystal packing diagram of ER-819531 (epi-C23 diol) monohydrate

along the b-axis,

[0018]  Fig. 3-C is the XRPD pattern of ER-819531 (epi-C23 diol)

{8019]  Fig. 4-A is the XRPD pattern of ER-820057 (epi-C23 amine).

{6620] Fig. 5-A is an ORTEP drawing of the single crystal structure of ER-111197 (epi-

C34 diol) monohydrate.

[6021] Fig. 5-B is the crystal packing diagram of ER-111197 (epi-CU34 diol) monohydrate

along the a-axis.

6622] Fig. 6-A is an ORTEP drawing of the single crystal structure of ER-809681

(epoxide).

[0023]  Fig. 6-B is the crystal packing diagram of ER-809681 (epoxide) along the b-axis.

j0024] Fig. 6-C is the XRPD pattern of ER-809681 (epoxide).

{0025} Fig. 6-D is the calculated XRPD pattern of ER-809681 (epoxide).

Detailed Description of Invention
[6026] As described in U.S. Patent 6,214,865, the halichondrin B analog, ER-086526

(idenuified as compound B-1939), is a potent antitumor agent. ER-086526 is prepared from an
intermediate diol compound, ER-076349 (identified as compound B-1793). U.S. Patent
6,214,863 describes the preparation of ER-076349 (B-1793) as well as its use in the

preparation of several other halichondrin B analogs.



100281In the WO 2005/118565 process, ER-076349 is reacted to folio a tosylate in situ, ER-082892,
which then converts to an epoxide in situ, ER-809681, before forming ER-086526, as shown in the
following scheme: 10029]ER-076349 crystallizes from various solvents as a monohydrate. The
epoxide, ER- 809681, may also be isolated as a crystalline compound, Crystalline ER-076349
monohydrate (example 1) and crystalline ER-809681 (example 6) represent separate embodiments of
this invention"™ 03

ulti-step syntheses, such M58 th e ibed in U.S. Patent No. 6,214,865
and WO 200 |nt rmediates are prepared.aind un nt d by+products or impurities can be
carried fg d fforft earllgr‘ tejgs,, Often filtra ep‘ératkon apeUoiPpyrification steps are introduced
to removeﬁwgwanm« § or impurities. I Yorpor, UN S not only can increase costs
but can decrease.the erajt yeld of the synthesis. Havﬁgg}g%@% intermediate within a multi-step
synthesis can ader§st edepfobilems. A crystalline nﬁt:?r%e;me P bvites certain advantages-a high

purity intermediaté{cafl reduce the need for other purificitigh steps and reduce the cost of the
synthetic process#In the preparation of ER-086526, having crystalline ER-076349 monohydrate as a
high purity mtermedl%{,E separatlon from its C25 epimer. In t,:lgﬁ Q%géyystalllne ER-076349, the
amount of the C25 epimer |s generally below 0.1 wt%. [0031]This invention also relates to crystalline
forms of certain diastereomers of ER- 076349. One or more diastereomers are common impurities

occurringép-fhe mulfi;aieR.ayphiesis el AR HRASIBAYEDSENaTR Siural Rarherigiarns: Itis useful to
characterize the various diastereomers in order to |dentl%the epimeric im ur ities which occur, or

might od&iiskedreplieasionitn 290Rd Hosred certpiBaiti Moty ihtfatre B¢ 4hiSurity can lead to

processdmpéave metERiogedure,; Byeids:quantify, or remove the impurity. Crystalline forms of the
various epimers allows for specific characterization of the particular epimer and its identification in the
synthesis. In addition, crystallization of a particular epimer can be a means of removing it and thereby
purifying the damred mpound. Crystalline forms of epimers of EfRd)76349 address these needs in
the synthg?s “ -086526) Crystalline jo‘rrg [.umge foIIoleg‘chI PO ,§l,el edjto ER-076349,
represent furthér eﬁhbca |men ofthis mvﬁmﬁhcmstR 809681: ER-8200¢ BIO¢

and ER-111197, all Cly® ¥ antigapgenaetivity. This group of cofhp
of the compounds is* ectw%ér rrecbtg@mh@ilﬁhondnn B analogs ]
halichondrin B analg purposes of this disclosure. [OOC’-,Z]ThereIa ermErous types of
anti-cancegappigaches/that can be used in conjunction with fabglandrin-B analog treatment,
according to the invéhtion. These include, for example, treatment with cemotherapeutic agents (see
below), biological agents (e.g., hormonal agents, cytokines (e.g., interleukins, interferons, granulocyte
colony stimulating factor (G-CSF), macrophage colony stimulating factor (M-CSF), and granulocyte

macropﬁ%‘b@koloﬁ?@ﬁmﬁf@sfh@éﬁmﬁs B¢ Kirsstadodme ingdae Bradtantibodies).

anti-angiggers e QiR k8n ANSIasialBAnA-and osiatlinkradiedian banek Surgeary EiRO33] The methods of
the mvené] an employ th p roacges to treat the same types of cancers as those for which they

are kI‘IO\RI B AR *d€%thers, as can be determined by those of skill in this art.
Also, these approaches can be carrled out according to parameters (e.g., regimens and doses) that
are similar to those that are known in the art for their use. However, as is understood in the art, it may
be desirable to adjust some of these parameters, due to the additional use of a halichondrin B analog
with these approaches. For example, if a drug is normally administered as a sole therapeutic agent,
when combined with a halichondrin B analog, according to the invention, it may be desirable to
decrease the dosage of the drug, as can be determined by those of skill in this art. Examples of the
methods of the invention, as well as compositions that can be used in these methods, are provided
below. [0034]Chemotherapeutic drugs of several different types including, for example,
antimetabolites, antibiotics, alkylating agents, plant alkaloids, hormonal agents, anticoagulants,
antithrombotics, and other natural products, among others, can be used in conjunction with
halichondrin B treatment, according to the invention. Specific, non-limiting examples of these classes
of drugs, as well as cancers that can be treated by their use, are as follows. [0035]Antimetabolite
drugs that halichondrin B analogs can be used with include, e.g., methotrexate, purine antagonists
(e.g., mercaptopurine, thioguanine, fludarabine phosphate, cladribine, and pentostatin), and pyrirnidine
antagonists (e.g., gemcitabine, capecitabine, flugrouracil (e.g., 5-FU), cytarabine, and azacitidine). Use
of these agents to treat particular types of cancers is well known in the art and these agents can be
used in combination with halichondrin B analogs to treat these and other types of cancers. As specific,
non-limiting examples, a halichondrin B analog can be used with gemcitabine in the treatment of
non-small cell lung carcinoma, pancreatic cancer, or metastatic breast cancer. In an additional
example, a halichondrin B analog can be used in conjunction with capecitabine in the treatment of
breast or colorectal cancers. 100361As is noted above, another class of chemotherapeutic drugs with
which halichondrin B analogs can be used includes anticancer antibiotics. These include, for example,
anthracyclines (e.g., doxorubicin, epirubicin” daunorubicin, and idarubicin), adriamycin, dactinomycin,
idariibincin nlicamyviein mitomyviein and bleomyviein Ac with the dAriicoe mentioned abhnve 11ce of thece




administered in conjunction with a halichondrin B analog, according to the invention. Examples of such
drugs include procarbazine, dacarbazine, altretarnine, cisplatin, carboplatin, and nitrosoureas.
Halichonclrin B analogs can be used with these agents in the treatment of cancers that these agents
are known in the art to be used to treat, as WeII as |n the treatment of other cancers. For example a

specific, non-linait
the treatment &
cancers. [0039]F the‘? tygws of & nt‘t‘zancer agents that can be used in conjunction W|th halichondrin B
analog treatfgien accordlng to the invention, are anticoagulants and antithrombotic agents. For
example, he%arln\(gqg., low molecular weight heparin or heparin sulfate) or warfarin can be used. Use
of these agents in tr€ating patients by, for example, injection or oral administration, is well known in the
art, and thus they can readily be adapted by those of skill in the art for use in the present invention.
10040)Numerous apgrdaches for administering anti-cancer drugs are known in the art, and can readily
be adapted for use irethis invention. In the case of one or more drugs that are to be administered in
conjunction with a ha%c ondrin B analog, for example, the drugs can be administered together, in a
single composition, df. Separately, as part of a comprehensive treatment regimen. For systemic
administration, the dnﬁlg can be administered by, for example, intravenous infusion (continuous or
bolus). Appropriate sth duling and dosing of such administration can readily be determined by those
of skill in this art baxed ory; for example, preclinical studies in animals and clinical studies (e.g., phase |

such as bIood ounts , heutrophil and platelet counts) and vital signs in patients can be used, as is
i » 100411Many regimens used to administer chemotherapeutic drugs involve,
for example, i trave QUSA wstrgﬁ)n of a drug (or drugs) followed by repetition of this treatment
after a period (& g - ' dura@ which the patient recovers from any adverse side effects of the
treatment. It may e ae rab o oth drugs at each administration or, alternatively, to have some
(or all) of the;tr 3 Fhents ifciude only one drug (or a subset of drugs). 100421As a specific, non-limiting
example of &treatment regimen included in the invention, a halichondrin B analog (e.g., 0.01-5
mg,/m2) can be adi rﬁstered to a patient by intrazenQus infusion for 0.5-3 hours, followed by
intravenous, infusigh of another drug (e.g., ge ahined\e.g., 500-900 mg/m2) for 0.5-3 hours. This
course of treatment canybe repeated every s deteimined to be tolerable and effective by
those of skill in the arts In a variation of this tfhod fie,t atmengis carried out with both drugs on the
first day, as is notetgéb ve, but then is followed, up ithft atmengusmg only the secondary drug (e.qg.,
gemeitabine) in enSGIB weeks. 100431Furier, as(is wellkknpwnan the art, treatment using the
methods of the mveﬁ@ can be carried out | onJ tion. tHe administration of antiemetics, which
are drugs that are Uséd ito reduce the nauge d vomiting that are common side effects of cancer
chemotherapy. Exarﬁples gf such drugs irfeluch jor tranquilizers (e.g., phenothiazines, such as
chlorpromazine ' orperazme) dopaml agtagonists (e.g., metoclopramide), serotonin

antagonists (e g
invention can be usedyto teeat the fo&owmg types $f cancers, as well as others: skin (e.g., squamous
cell carcinoma } ?ql';mar ma,;zor melanom@ prostate, brain and nervous system, head and
neck, testicularylugdg (e g-+hepatoma), kidney, [bladder, gastrointestinal, bone, endocrine system
(e.g., thyroid and pituitary “turors), afd lymphatic Ey tem (e.g., Hodgkin's and non-Hodgkin's
lymphomas) §ancers Other types of cancers thatgdn be treated using the methods of the invention
include flbrosarcoﬁé\r%urectodennal tumor, mesot elioma, epidermoid carcinoma, and ICaposi's
sarcoma 100451THg invention also includes compositions that include a halichondrin B analog in
combination with an additional therapeutic agent(s), such as any of those agents listed above. The
drugs in these compositions preferably are formuated for administration to patients (e.g., in
physiological saline) or, alternatively, can be in a form requiring further processing prior to
administration. For example, the compositions can include the drugs in a lyophilized form or in a
concentrated form requiring dilution. Formulation of drugs for use in chemotherapeutic methods can be
carried out using standard methods in the art (see, e.g., Remington's Pharmaceutical Sciences (1 8th
edition), ed A Gennaro, 1990, Mack Publishing Co, Easton, Pa.). 190461Examples 10047]Single
Crystal X-ray Diffraction Data Collection and Structure Determinations 100481Data were collected
using a Bruker SMART APEX CCD (charge coupled device) based diffractometer equipped with an

Oxford Cryostream low-temperature apparatus operating at 193 K. Data were measured using omega
crane nof 0O 2 ner frame far R0 ceraonde crich that a hemienhere wace enllecrted A total of 1271 framec

c

iu.

to the cancers mentloped above, the methods and compositions of the




10050]A small amount of crystalline material was used for the XRPD diffraction studies described
below. The material was not crushed, and so may have preferred orientation effects. Using a quartz
plate, on the Scintag Diffi-actometer. Data was acquired under normal powder diffraction condition,
with 2-theta range of 5-70 degrees, using copper radiation. No background correction was applied.
Table 1 lists the data acquisition parameters. Table 1. XRPD Measurement Conditions X-ray

diffractof&t&l: Sciftad Feafderriptbeta dtomymians mhieal miedeorabelifadbessRIATUHE current:30

MA Slit: 365420, B Gisd B oRRE DAbe formieirctorpean-snaed s aynmoieri3ampling:0.02
Scan range:5 to 70 Sample holder:Quartz holder (25 mm x 25 mm) Goniometer:Thﬁe}F-Theta, fixed

horizontATHTRIS ! LS Sradnei k- EIRaR bk Bl oHroR B ATARIS S TBRE PERRSNBIE 1.

Charactémnization. of Crystalline ER-076349 Monohydrate 100521 XRPD patterns of ethanol,

isoprop A), propionitrile are identical to acelanitrile/water le, Ch ization as _
monohﬁég%éyv%asqg&@}i” tﬁﬁﬁéﬁfgf’ﬁfﬁl}fg%ﬁ.s -?%%/aﬁﬁcipg‘@?l} ?étg(?%?ﬁ?ﬁﬁ\?vzdég%eﬁ{/%?ﬁ%leaﬂy showed
the pres&oe¢iZin gl tyatermaiecisle:d p053]Ad Gy stadlinstivnyRrodedy s fguER028349
Monohydrate 41.Crystallizatign of ER-076349 from ethanol, isopr ingL.prapionitrile (XRPD
sample): Eﬂéglfggééﬁ%\%%n cﬁ%‘?g nge in s%%grﬁq %1\'(%11). [ ééa%%rﬁ&t%ﬁ%vegs aho%vhé% "tgf(}avaporate at room
temperatiiedsaddcrsaniesnivubiteddr X RRDCte st iRgeiirsd Bverrbéttng ush slaE5B1ORYstallization of

ER-076349 ffom.acgioniilelnaiarsaluien (SRR DaeBRlR):ER- 7 6radnas sissalved in acetonitrile

(1 vol). To this solution was slowly added a watcr/acetonitrile solution (10 vol, 2 parts water, 1 part

acetonitAyIrHESBIthiag Bedinier Dphes st speuposiate dn Rt be added. The
solution was:sersde gk R1046 3d9:(0:004 Wis):Theimixidiaigisiiied aldeemdemadtature and the
solvent eva orated und_er inert gas flow until th cet‘ot itgle level is <5%. The s%liczils(}}zﬁg slurrie_d in
water (5 vo‘% gﬁﬁgtﬁé‘?ﬂ&m 5 ﬂ‘éer\g&f cﬂ%qf?l{g?éﬁnsoﬁlcfsp\li\?gﬁsd&% ﬁﬁa%'%&hﬁg% vacuum and inert
gas flowIdFsLa, e P houss IROBR]CTH 348 hzaticdy & £ Rs @ 1684 Sufigmiragetoditéiellaater solution (single
crystal): &ERiation from its €25 epimer. In the bulk crystalline ER-076349, the amount of the C25

epimer is generally below 0.1 wi%.

[0631] This invention also relates to crystalline forms of certain diastereomers of ER-

076349. One or more diastercomers are common impurities occurring in the multi-siep

synthesis of compounds having several chiral carbon atoms. 1t is useful to characterize the

various diastereomers in order to identify the epimeric impurities which occur, or might occur,

in the preparation of the desired compound. Identifying an epimeric impurity can lead to

process improvements to reduce, avoid, quantify, or remove the impurity. Crystalline forms of

the various epimers allows for specific characterization of the particular epimer and its

identification in the synthesis. In addition, crystallization of a particular epimer can be a means

of removing it and thereby purifving the desired compound. Crystalline forms of epimers of

ER-076349 address these needs in the synthesis of ER-086526. Crystalline forms of the

following compounds, related to ER-076349, represent further embodiments of this invention:

ER-809681; ER-820057; ER-818906; ER-819531; and ER-111197, all of which exhibit anti-

cancer activity. This group of compounds and crystalline forms of the compounds is

collectively referred to as halichondrin B analogs and individually referred to as a halichondrin

B analog for this purposes of this disclosure.



076349 was dissolved in acetonitrile (5 vol). Water (0.5 vol) was then added. The container was stored
at room temperature and vented for slow evaporation of solvent for 4 weeks, and the single crystal
suitable for X-ray structure study formed slowly. 100571B. Single Crystal X-Ray Determination of
ER-076349 Monohydrate 100581A colorless plate crystal with dimensions 0.10 x 0.10 x 0.04 nun was
mounted on a 0.2 nm nylon loop using very small amount of paratone oil. The single crystal structure,
shown inf#§211-A, Thse aerarmpredsientg ohansrearettirrieaehpsdbehpvhe T8 Zeptntercrystal data

and struclEieH2iasRAR EPAARSeRs MR LR HRIeEMIRR the SiRgle BlyRIa) SiTuctre K i 076349
monohydrate. The structure was solved in the space group P212121 (# 19) by analysis of systematic

absenceS ARSI dhsgErhataRAstin reTHa A prsPAInE S RIIREING 395RitoGehshwananabiasiited by
geometrigabRisthads andrefined ascadidingonadrltheotistalnsrddefatae diffegtion study showed
cryetal AT R A o 573848 Ry o e G RESEE S AR SHBIH the best dagram
of the hysirogéatiippfiding(GRHIOSER, cheshakidatiedckitesintiianle dGryktaddaiamidraingehice refinement
A Orhorheebit Fo A T R AR froup P(1120)20) Unit call
dimensidf838k 9. 918 Iiedydent 0. ityentiarBGOMNIT) X iBeso QP8 BRY(Gy R tBOs A trpes 3827.3(10) -
A3 of cancers as those for which they are known in the art to be used, as well as others, as can be

determined by those of skill in this art. Also, these approaches can be carried out according to

parameters (e.g., regimens and doses) that are similar fo those that are known in the art for their

use. However, as is understood in the art, it may be desirable to adjust some of these

parameters, due to the additional use of a halichondrin B analog with these approaches. For

example, if a drug is normally administered as a sole therapeutic agent, when combined with a

halichondrin B analog, according to the invention, it may be desirable to decrease the dosage of

the drug, as can be determined by those of skill in this art. Examples of the methods of the

invention, as well as compositions that can be used in these methods, are provided below.

[0034]  Chemotherapeutic drugs of several different types including, for example,

antimetabolites, aniibiotics, alkylating agents, plant alkaloids, hormonal agents, anticoagulants,

antithrombotics, and other natural products, among others, can be used in conjunction with

halichondrin B treatment, according to the invention. Specific, non-limiting examples of these

classes of drugs, as well as cancers that can be treated by their use, are as follows.

[0635] Antimetabolite drugs that halichondrin B analogs can be used with include, e.g.,

methotrexate, purine antagonists (e.g., mercaptopurine, thioguanine, fludarabine phosphate,

cladribine, and pentostatin), and pyrimidine antagonists (e.g., gemcitabine, capecitabine,

fluorouracil (e.g., 5-FU), cytarabine, and azacitidine). Use of these agents to treat particular

types of cancers is well known in the art, and these agents can be used in combination with

halichondrin B analogs to treat these and other types of cancers. As specific, non-limiting

examples, a halichondrin B analog can be used with gemcitabine in the treatment of non-small

cell lung carcinoma, pancreatic cancer, or metastatic breast cancer. In an additional example, a



4 Density (calculated) 1.298 Mg/m3 Absorption coefficient 0.096 mm4 F(000) 1612 Crystal size 0.10 x
0,10 x 0.04 nun3 Theta range for data collection 1.20 to 26.39. Index ranges -1 0<=h<=12,
-13<=k<=14, -32<=1<=42 Reflections collected 23198 7808 [R(int) = 0.1131] Independent reflections
99.9 % Completeness to theta = 26.39 Absorption correction None
halichondrin B analog can be used in conjunction- with capecitabine in the treatment of breast
or colorectal cancers.
[0036] As is noted above, another class of chemotherapeutic drugs with which
halichondrin B analogs can be used includes anticancer antibiotics. These include, for example,
anthracyclines (e.g., doxorubicin, epirubicin, daunorubicin, and idarubicin), adriamycin,
dactinomycin, idarubincin, plicamycin, mitomycin, and bleomycin. As with the drugs
mentioned above, use of these agents to treat particular types of cancers is well known in the
art, and they can be used in combination with halichondrin B analog treatment to treat these
and other types of cancers. As g specific, non-limiting example, an anthracycline, such as
doxorubicin, can be administered in conjunction with halichondrin B therapy for the treatment
of breast or pancreatic cancers. Alternatively, a third agent, cyclophosphamide, can be used in
this method.
{0037}  Alkylating agents comprise another class of chemotherapeutic drugs that can be
administered in conjunction with a halichendrin B analog, according to the invention.
Examples of such drugs include procarbazine, dacarbazine, altretamine, cisplatin, carboplatin,
and nitrosoureas. Halichondrin B analogs can be used with these agents in the {reatment of
cancers that these agents are known in the art to be used to treat, as weli as in the freatment of
other cancers. For example, a halichondrin B analog can be used in conjunction with
carboplatinum in the reatment of non-small cell lung carcinoma or ovarian cancer.
[0038] An additional type of chemotherapeutic drug with which halichondrin B analogs
can be administered, according to the invention, is plant alkaloids, such as vinblastine,
vineristine, etoposide, teniposide, topotecan, irinotecan, paclitaxel, and docetaxel. As specific,
non-limiting examples, a halichondrin B analog can be used in conjunction with irinotecan for
the treatment of colorectal cancer, or with topotecan in the treatment of ovarian or non-smail
cell lung cancers.
[6035] Further types of anti-cancer agents that can be used in conjunction with
halichondrin B analog treatment, according to the invention, are anticoagulants and
antithrombotic agents, For example, heparin (e.g., low molecular weight heparin or heparin
sulfate) or warfarin can be used. Use of these agents in treating patients by, for example,
injection or oral administration, is well known in the art, and thus they can readily be adapted

by those of skill in the art for use in the present invention.



Refinement method Full-matrix least-squares on F2 Data / restraints / parameters 7808 / 0 / 482
-Goodness-of-fit on F2 0.938 Final R indices [I>2sigma(l)] R1 =0.0627, wR2 = 0.0911 R indices (all
data) Rl = 0.1693, wR2 = 0.1150 Absolute structure parameter -0.702) Largest diff peak and hole
0.380 and -0.182 eiC3 100591C. X-ray Powder Diffraction (XRPD) Characterization of ER-076349
Monohydrate [0060]Fig..I-C is the XRPD pattern of ER-076340 monohydrate crystallized from
isopropyl WéBho! d&ugsserampHseles rapeistsing iHE-fiper gearsfitmoamiv &5 enSies in the
XRPD patietsadiizile Bapt&Plr Reaksiab ER04634 8 menatyoraie Rositienid)iRehrint (%) 18.2
100.0% 29.8 91.0%?_ . i ) )
administered in conjunction with a halichondrin B analog, for example, the drugs can be

administered together, in a single composition, or separately, as part of a comprehensive
treatment regimen. For systemic administration, the drugs can be administered by, for example,
intravenous infusion (continuous or bolus). Appropriate scheduling and dosing of such
administration can readily be determined by those of skill in this art based on, for example,
preclinical studies in animals and clinical studies {e.g., phase 1 studies} in humans. In additibn,
analysis of treatment using similar drugs, as well as monitoring factors such as blood counts
(e.g., neutrophil and platelet counts) and vital signs in patients can be used, as is well
understood in the art.

16041} Many regimens used to administer chemotherapeutic drugs involve, for example,
imtravenous administration of a drug {or drugs) followed by repetition of this treatment after a
period {e.g., 1-4 weeks) during which the patient recovers from any adverse side effects of the
treatment. It may be desirable to use both drugs at cach administration or, alternatively, to have
some (or all) of the treatments include only one drug {or a subset of drugs).

[0642]  As a specific, non-limiting example of a treatment regimen included in the
invention, a halichondrin B analog (e.g., 0.01-5 mg/m®) can be administered to a patient by
intravenous infusion for 0.5-3 hours, followed by intravenous infusion of another drug {e.g.,
gemcitabine, ¢.g., 500-900 mg/m®) for 0.5-3 hours. This course of treatment can be repeated
every 2-3 weeks, as determined 1o be tolerable and effective by those of skill inthe art. Ina
variation of this method, the treatment is carried cut with both drugs on the first day, as is
noted above, but then is followed up with treatment using only the secondary drug (e.g.,
gemcitabine) in ensuing weeks.

{0043} Further, as is well known in the art, treatinent using the methods of the invention
can be carried out in conjunction with the administration of antiemetics, which are drugs that
are used to reduce the nausea and vomiting thal are common side effects of cancer
chemotherapy. Examples of such drugs include major tranquilizers (e.g., phenothiazines, such
as chlorpromazine and prochlorperazine), dopamine antagonists (e.g., metoclopramide),

serotonin antagonists (e.g., ondansetron and granisetron), cannabinoids (¢.g., dronabinol), and

benzodiazepine sedatives.



18.7 60.3% 20.3 59.6% 10.4 59.3% 22.2 51.2% 15.9 42.5% 13.0 37.4% 9.3 37.1% 4.2 35.5% 2.1
29.3% 11.9 28.3% 5.2 22.9% [0061]Fig. 1-D is a stacked plot of representative XRPD patterns of
ER-076349 monohydrate acquired from various recrystallization solvents, including aeetonitrile and
water, ethanol, isopropanol, and propionitrile. The same method of pattern acquisition as described

above was used. §0062]I?igs. 1-E, 1-F, and 1-0 depijct differential scanning calorimetry (DSC)
therm og;g%é,} n addition to the cancers mentioned above, the methods and coinpositions of the

invention can be used to treat the following types of cancers, as well as others: skin (e.g.,
squamous cell carcinoma, basal cell carcinoma, or melanoma), prostate, brain and nervous:
system, head and neck, testicular, lung, liver (e.g., hepatoma), kidney, bladder, gastrointestinal,
bone, endocrine system (e.g., thyroid and pituitary tumors), and Iymphatic system (e.g.,
Hodgkin's and non-Hodgkin's lymphomas) cancers. Other types of cancers that can be treated
using the methods of the invention include fibrosarcoma, neurectodermal tumor,

- mesothelioma, epidermoid carcinoma, and Kaposi's sarcoma.
[0045] The invention also includes compositions that include a halichondrin B analog in
combination with an additional therapeutic agent(s), such as any of those agents listed above.
The drugs in these compositions preferably are formulated for administration to patients (e.g.,
in physiological saline) or, alternatively, can be in a form requiring further processing prior to
administration. For example, the compositions can include the drugs in a lyophilized form or in
a concentrated form requiring dilution. Formulation of drugs for use in chemotherapeutic
methods can be carried out using standard methods in the art (see, ¢.g., Remington's
Phai‘maceutica] Sciences (IS‘“ edition), ed. A. Gennaro, 1990, Mack Publishing Co., Easton,
Pa).

[G640] Examples

[0647]  Single Crystal X-ray Diffraction Data Collection and Structure Determinations
{0848]  Data were collected using a Bruker SMART APEX CCD {charge coupled device)
based diffractometer equipped with an Oxford Cryostream low-temperature apparatus
operating at 193 K. Data were measured using omega scans of 0.3 © per frame for 30 seconds,
such that a hemisphere was collected. A total of 1271 frames were collected with a maximum
resolution of 0.76 A. The first 50 frames were recollected at the end of data collection to
monitor for decay. Cell parameters were retrieved using SMART software (SMART V 5.625
{NT) Software jor the CCD Detector Systent; Bruker Analytical X-ray Systems, Madison, Wi
{2001, and refined using SAINT on all observed reflections. Data reduction was performed
using the SAINT software (SAINT V 6.22 (NT) Software for the CCD Detector System Bruker
Analytical X-ray Systems, Madison, WI (2001). which corrects for Lp and decay. The
structures were solved by the direct method using the SHELXS-97 program (Sheldrick, G. M.
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of ER-076349 monohydrate. Fig. 1-E depicts a plot of the DSC of ER-076349 crystallized from ethanol
solution. The DSC shows an endothermic peak at 160 C. Fig. 1-F depicts a plot of the DSC of
ER-076349 crystallized from isopropanol solution. The DSC shows an endothermic peak at 157 C. Fig.
1-G depicts a plot of the DSC of ER-076349 crystallized from propionitrile solution. The DSC shows an
endothermic peak at 161 C. [00631Example 2: Characterization of ER-818906 (epi-C20 diol) , a
Mono- ASEIRTHAIE0S Breate {006 HraSabrjeratlisansal Srocsdind fov geie pitiefitBrXray and XRPD
crystal samples,1 00%HLERBAR06, (L yarsuRpENAGHH apripRitrite (hvahand warmed gently to

ensure complete dissolution. The solution was held at room temperature and crystal growth initiated
after 30 r?\‘ﬂjr%t&“gﬁaéj KBSt £ S ReApRe AR T Sy e HBRFE Bh Y FRed after 16 to 24
hours. Th&x@i@mim’ﬁwﬁw;@{ea%&%@Qﬁl@@e&@.d@bﬁﬁﬁ?m bﬂlw-N@goE)R-gl?)%G (Epi-C20
Diasteregmer) 100661B. Single Crystal X-Ray Determination of ER-818906 (epi-C20 diol) Mono-
ootont ST 008 LIS 1B Wt GEAEHET R ST APITI8 B2 ot was

mountedSesarR, Radisay] G ICOPMTINng very small amount of paratone oil. The single crystal structure,

shown in Eig, 2-A,was determined usi tgﬁ%ﬁ)@ ure(? cribed,above. Table 3 lists the crystal data
and strurl lﬁgrgg efin}exvmr‘% Bgfiapr’ﬁqgg%aﬁ%g% o de ﬁr%%ae ﬂqgeﬁ{rﬁfé?gp 5Pf§fja?fr§tructure of ER-818906
mono-aci¥iiliirile dotvaié amhenswrlictyrelissrssired irathieespac thg reRPIPE g ndiudass-hydrogen

atoms wege-refined aniseliopicaliu Hydisoensivers.aalcuaad y seematicahmeliogs.and refined as

a riding model. The Flack parameter was used to anali/)ze the crystal. If the Flack parameter value is

near zerd/sthe HbEsiaRaier eatthe 5inte by e swisittr st emaenrmshiadtrs s PesHect: if the value

is near 1gxrthendhedmvRredairictere dhe ethereaantiameanhisdikely arrreek. ifthe value is near 0.5,
the crystal is likely racemic. See Flack, H. D., Arfa Cry'sl. A39, 1983, 876--881. The Flack parameter
was refi?&ﬁ%‘&‘@%&?@ﬁ@@h‘ﬁ%@@f is c%’rlr‘?p}olfﬁflﬁt égat@&?ﬁﬁﬁgﬁ)ﬁﬁﬁ?‘%%etic source. The crystal
used for the diffraction study showed no decomposition during data collection. All drawing are done at
50% elipspids.-Kig-2:B is the crystal packing diagram of ER-818906 monoacetonitrile solvate along
the c-aj}(%g el’ib e@%ﬁ%@f%%?ﬁ?&i@%&%re refinement for ER-818906 Mono-Acetonitrile Solvate.
Empiricairfyiiiitadn2a¢611\1012 Formakinkgight771.92 Temperature193(2) K Wavelength0.71073 A
CrystaksystemMonoclinic Space grouppg(1) Unit cell dimensionsa 10.610(4) Aa= 900. b = 17.114(7)
A[3=94.341(7).

Detector: Lithium Drifted Diode

Tube voltage: 40kV

Tube current: 30 mA

Slit: DS 1.0, RS 0.3 mm, SS 2 mm tube, .5mm detector
Scan speed: 1 ®/min

Step/Sampling: 0.02°

Scan range: 3t07G°

Sample holder: Quartz holder (25 mm x 25 mm)

Gonlometer: ‘Theta-Theta, fixed horizontal mount, goniometer
Filter: Electronic

Monochromator: not used

I



c = 11.251(5) A Volume2036.905) A3 Density (calculated)1.259 Mg/m3 Absorption coefficient0.091
mm4 F(000)832 Crystal size0,12 x 0.12 x 0 10 mrn3 Theta range for data collection1.82 to 27.87.
Index ranges-13<=hc=12, -22<=k<=22, -14<-1<=14 Reflections collected14960 Independent
reflections9147 [R(int) = 0.0160J Completeness to theta = 27.8798.6 % Absorption
correctionEMPIRICAL Max. and min. transmission0.9909 and 0.9891 Refinement methodFull-matrix

least-squiPéslon Fxmapderbstrhmarfepinaine ek §o14alling EBIGE S48 Menobndrya F21.044 Final R

indices [{gaigmat@irh7.0:0410 WRAH. 088t R.tndigea IRz L0443 MR2 = 0.0909 Absolute
structure paramet%?&%%ggg%iff. pea%ﬁgrﬁ holego.zé?gﬂ%‘%%& g.A-3 f0068]C. X-ray Powder

DiffracticH (RIS waristalz 4aomastmirasas 508 RYINEBEr dian) MorsAeEE SAMRREISEvate 10069]A

small ameouyry ghimalesialcaas:igitafiesraneviogaisanpledfaesinglacrystahsiiiciin Example 2A. The
XRPD pattern was obtained as described above. The XRPD pattern is shown in Fig. 2-C. Table 4

shows tHBYEFBEpeaks with relative intensities in the XRPD pattern. Table 4. XRPD Peaks of
ER-818906 (epi-C20 diol)

10053] A. Crystallization Procedures for ER-076349 Monokydrate

j0654] Crystallization of ER-076349 from ethanol, isopropanol, and propionitrile (XRPD
sample): ER-076349 was dissolved in solvent (5 vol). The solution was allowed to evaporate
at room temperature and a crystal suitable for XRPD testing formed over 16 to 24 hr.

[0055] Crystallization of ER-076349 from acetonitrile/water solution {(XRPD sample): ER-~
076349 was dissolved in acetoniirile (1 vol). To this solution was slowly added a
water/acetoniirile soluiion (10 vol, 2 parts water, 1 part acetonitrile); if the solution becomes
cloudy, a minimal amount of acetonitrile can be added. The solution was seeded with ER-
076349 (0.004 wis). The mixture is stirred at room temperature and the solvent evaporated
under inert gas flow until the acetonitrile level is <5%. The solids were slurried in water (5
vol) and the mixture was filtered. The filtered solids were dried under high vacuum and inert
gas flow for 12 to 24 hours.

[0056] Crystallization of ER-076349 from acetonitrile/water solution (single crystal): ER-
076349 was dissolved in acetonitrile (5 vol). Water (0.5 vol) was then added. The contamer
was stored at room temperature and vented for slow evaporation of solvent for 4 weeks, and

the single crystal suitable for X-ray structure study formed slowly.

[6057]  B. Single Crystal X-Ray Determination of ER-076349 Monchydrate

[0058] A colorless plate crystal with dimensions 0.10 x 0.10 x 0.04 mm was mounted on a
0.2 nm nylon loop using very small amount of paratone oil. The single crystal structure, shown
in Fig. 1-A, was determined using the procedure described above. Table 2 lists the érysta] data
and structure refinement parameters used to determine the single crystal structure of ER-
076349 monchydrate. The structure was solved in the space group P2,2,2; (# 19) by analysis
of systematic absences. All non-hydrogen atoms were refined anisotropically. Hydrogens

were caleulated by geometrical methods and refined as a riding model.  The crystal used for

12



Position (20) Rel. Int. (%) 23.7 100.0 32.8 35.6 7.9 25.0 40.0 19.4 68.4 14.5 23.9 12.2 29.2 10.4 26.7
7.78.17.348.67.257.56.448.95.9

the diffraction study showed no decomposition during data collection. All drawings were done

at 50% ellipsoids. Fig. I-B is the crystal packing diagram of ER-076349 monchydrate along

the b-axis, which shows the best diagram of the hydrogen bonding within the crystal, dotted

lines.

Table 2. Crystal data and structure refinement for ER-076349 Monohydrate.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal sysiem
Space group

Uit cell dimensions

Volume

zZ

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Compileteness to theta = 26.39°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(T)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

CaoHs901n

747.87

193K

0.71073 A

Orthorhombic

P2(12(1)2(1)

a=9.9189(14) A o= 90°,
b=11.3394(17) A R=90°.
c=34.029(5) A 7 = 90°.
3827.3(10) A°

4

1.298 Mg/m®

0.096 mm™’

1612

0.10 x 0.10 x 0.04 mm’

1.20 10 26.39°.

-10<=h=<=12, -13<=k<=14, -32<=1<=42
23168

7808 [R(int) = 0.1131]

99.9 %

None

Full-matrix least-squares on F?
7808 /0 /482

(.938

R1=0.0627, wR2 = 0.0911

RI1 =0.1693, wR2=0.1150
-0.7(12)

0.380 and -0.182 e. A”

13



40.7 5,7 34.1 4.0 [0070]Example 3: Characterization of ER-819531 (epi-C23 diol) Monohydrate
[0071]A. Crystallization procedure for XRPD quality sample [0072]ER-819531 (1 wt) was dissolved in
acetonitrile (10 vol) at room temperature and the temperature was decreased to -20 C and held at this
temperature for 16 hours. Clusters of crystal suitable for powder XRPD test formed after 16 hours. The
chemical structure of ER-819531 (epi-C23 dial) is shown below. ER-819531 (Epi-C23 Diastereomer)
10073]BI8FYle ChysBivtrlay sutditiination GFRRRS (danacterization aidpR9dA) drate [0074]A
portion ofRarmpeRR-819531 was dissolved in a mixture of acetonitrile, several drops of toluene, and

one drop_of water. This was then_allowed to slowly evaporate jn a small vial, This resulted in single
crystals, BR8%r wHigh Wasitissentts BEEey fﬁﬁfﬁfé&?ﬂﬂ%ﬁ%ﬁt&’?ﬁfﬁ%fg%ﬁ?y with dimensions
0.12 x 0.ik3ptipf)4loaibvRsisaaiiieshonea iR d nsydantetip: usinghserys reitiamotensicéparatone oil.
The singtlg c%ﬁ%%l structure, shown in Fig. 3-A, was determined using the procedure described above.
Table 5 liSts c@astf%\?]data and structure refinement parameters used to determine the single crystal
structure of ER-819531 jahiaHydrateDIfreistrdciré %adosnhedhidrthe spajce group P212121 (ft 19) by
analysis of systematic absenges-Altnon-hydrogenatoms arerefined-anisptropically. Hydrogens were
calculated by geometrica me %@ nd refined ag'%ttf} ir%a odel. The Flack parameter was used to
analyze the crystal. lithe EBagk parameter value!id®e@zero, the absolute structure given by the
structure element refine(rgtTstikety correct i g ygjue is near 1707 themn the inverted structure (the
other enantiomer) is likely carrect; if the value i§ near.0.5, the crystal is likely racemic. See Flack, H.
D.. Acta Cryst A39, 19831876--881. The Flack pépa?{é{'éter was refined to 0{50(16). The chirality of this
compound was confirmegpy its synthetic sourcesd.8% crystal used for the |diffraction study showed no
decomposition during datg-epHection—Al-drawi gsgrﬂ/dcne at-50%-etipsoils. Fig. 3-B is the crystal
packing diagram along the 'b-axis which shows thé f?\)/‘(’jroqen bonding with|n the crystal, dotted lines
Table 5. Crystal data and28téucture refinement fpf ER4819531 monohydrate Empirical formula Formula

weight C40116001 3 748:8& Temperature T93(Z K averength

13.0 37.4%
9.3 37.1%
14.2 35.5%
12.1 29.3%
11.9 28.3%
52 22.9%

[0861]  Fig. 1-D is a stacked plot of representative XRPD patterns of ER-076349
monohydrate acquired from various recrystallization solvents, including acetontirile and water,
ethanol, isopropanol, and propionitrile. The same method of pattern acquisition as described
above was used.

{06621 Figs. 1-E, 1-F, and 1-G depict differential scanning calorimetry (DSC) thermograms
of ER-076349 monohydrate. Fig. 1-E depicts a plot of the DSC of ER-076349 crystallized
from ethanol solution. The DSC shows an endothermic peak at 160 °C. Fig. 1-F depicts a plot
of the DSC of ER-076345 crystallized from isopropanol solution. The DSC shows an
endothermic peak at 157 °C. Fig. 1-G depicts a plot of the DSC of ER-076349 crystallized

from propionitrile solution. The DSC shows an endothermic peak at 161 °C.
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0.71073 A Crystal system Orthorhombic Space group P2(1)2(1)2(1) Unit cell dimensions a =
9.6545(16) Aa= 900. b =11.6562(19) A0=90. c = 33.618(6) A7 =90. 3783.1(11) A3 Volume 4
Density (calculated) 1.315 Mg/m3 Absorption coefficient 0.097 mm-1 F(000) 1616 Crystal size 0.12 x
0.12 x 0.04 mm Theta range for data collection

[0063]  Example 2: Characterization of ER-8189%06 (epi-C20 diol) , a Mono-
Acetonitrile Solvate

[0064] A. Crystallization precedure for generation of X-ray and XRPD crystal
samples

[0065] ER-818906 (1 wt) was suspended in acetonitrile (10 vol) and warmed gently to
ensure complete dissolution. The solution was held at room temperature and crystal growth
initiated after 30 minutes. The single crystal sample suitable for X-ray structure analysis

formed after 16 to 24 hours. The chemical structure of ER-818906 (epi-C20 diol) is shown

below,

ER-518808
{Epi-C20 Diastereomer)

[(066] B. Single Crystal X-Ray Determination of ER-818906 (epi-C24 diol) Mono-
Acetonitrile Solvate S

0067} A colorless block crystal with dimensions .12 x 0.12 x 0.10 mm was mounted on a
0.2 nam nylon loop using very small amount of paratone 0il. The single erystal structure,
shown in Fig. 2-A, was detenmined using the procedure described above. Table 3 lists the
crystal data and structure refinement parameters used 1o determine the single crystal structure
of ER-818906 mono-acetonitrile solvate. The structure was solved in the spacé group P2; (#
4) All non-hydrogen atoms were refined anisotropically. Hydrogens were calculated by
geometrical methods and refined as a riding model. The Flack parameter was used to analyze
the crystal. If the Flack parameter value is near zero, the absolute structure given by the
structure clement refinement is likely correct; if the value is near 1.0, then the inverted
structure {the other enantiomer) is likely correct; if the value is near 0.5, the crystal is likely
racemic. See Flack, H. D.. dcta Cryst. 439, 1983, 876--881. The Flack parameter was refined
to 0.3(4). The chirality of this compound was confirmed by its synthetic source. The crystal |

i
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1.85 to 23.25. Index ranges -10<=1-1<=10, -12<=k<=12, -37<=1<=25 Reflections collected 18298
5420 [Kurt) = 0.08661 Independent reflections Completeness to theta = 23.25 100.0 % Absorption
correction None Refinement method Full-matrix least-squares on F2 Data / restraints / parameters
5420/ 0/ 482 Goodness-of-fit on F2 1.025 Final R indices [1>2sigma(l)] Rl = 0.0670, wR2 - 0.1275 R
indices (all data) R1 = 0.1032. wR2 = 0.1421 Absolute structure parameter ]

used for the diffraction study showed no decomposition during data collection. All drawing

are done at 50% cllipsoids. Fig. 2-B is the crystal packing diagram of ER-818906

moneacetonitrile sclvate along the c-axis.

Table 3. Crystal data and structure refinement for ER-818906 Mono-Acetonitrile Solvaie.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F{000)

Crystal size

Theta range for data collection
index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.87°
Absorption correction

Max. and min. {ransmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

CauHgiNOyp
771.92
193(2)K
0.71073 A
Monoclhmic
P2(1)

2=10.610(4) A o= 90°.
B=94.341(7)°.
c=11.251(5) A ¥ =90°.

b=17.1147N A

2036.9(15) A3
i

-

1.259 Mg/m?

0.091 mm-1

832

0.12 % 0.12 x 0.10 mm?3
1.82 to 27.87°.

-13<=h<=12, -22<=l<=22, 14l 4

14960

9147 [R(int) = 0.0160]

98.6 %

EMPIRICAL

0.9909 and 0.9891
Full-matrix least-squares on F2
914771/ 501

1.044

R1=0.0410, wR2 = 0.0881
R1 =0.0473, wR2 = 0.0909
0.3(6}

0.222 and -0.199 e.A"3
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0.5(16) Largest cliff. peak and hole 0.503 and -0261 e.A-3 [0075]C. X-ray Powder Diffraction (XRPD)
Characterization of ER-819531 (epi-C23 diol) Monohydrate [0076]The XRPD of ER-819531
monohydrate was obtained as described above. The XRPD pattern is shown in Fig. 3-C. Table 6
shows the list of peaks with relative intensities in the XRPD pattern_ Table 6. XRPD Peaks of
ER-819531 (epi-C23 diol) , Position (20)I Rel. Int. (%) | 20.6 100.0% 17.2 91.9% 16.1 1 83.1% 24.4
77.9% 1T86RY.8942 X-ray Powder Diffraction (XRPD) Characterization of ER-818%06 (epi-C20

dicl) Mono-Acetonitrile Solvate

[6069] A small amount of material was left afier removing a sample for single crystal study
in Example 2A. The XRPD pattern was obtained as described above. The XRPD pattern.is
shown in Fig. 2-C.  Table 4 shows the list of peaks with relative intensities in the XRPD

pattern.
Table 4. XRPD Peaks of ER-818906 (ep1-C20 diol)
Position (28) Rel. Int. (%)
23.7 100.0 ‘
32.8 356
7.9 250
40.0 194
68.4 i4.3
23.9 ' 12.2
292 16.4
26.7 7.7
8.1 7.3
48.6 7.2
57.3 ' 6.4
48.9 5.9
447 5.7
34.1 4.0

{6070} Example 3: Characterization of ER-819531 (epi-C23 diol) Monohydrate
{6071] A. Crystallization precedure for XRPD quality sample

(6072} ER-819531 (1 wt) was dissolved in acetonitrile {10 vol) at room temperature and
the temperature was decreased to -20 °C and held at this temperature for 16 hours. Clusters of
crystal suitable for powder XRPD test formed afier 16 hours. The chemical structure of ER-
819531 (epi-C23 diol) is shown below.

17



76.4% 20.0 73.2% 5.2 71.9% 9.1 71.5% 2 70.8% 17.3 69.4% 8.6 1 69.4% 21.4 68.6% 28.2 67.5% 26.2
67.3% 22.7 62.6% 29.2 61.8% 13.1 55.8% 10.5

ER-B18531
{Epi-C23 Diastereomer)

[6073]  B. Single Crystal X-Ray Determination of ER-819531 (epi-C23 diol)

Monehydrate

[6074] A portion of sample ER-819531 was dissolved in a mixture of acetonitrile, several
drops of toluene, and one drop of water. This was then allowed to slowly evaporate in a small
vial. This resulted in single crystals, one of which was chosen to be used in this study. A
colorless block crystal with dimensions 0.12 x 0.12 x 0.04 mm was mounted on a 0.2 nm nylon
loop using very small amount of paratone oil. The single crystal structure, shown in Fig. 3-A,
was determined using the procedure described above. Table 5 lists the crystal data and
structure refinement parameters used to determine the single crystal structure of ER-819531
menohydrate. The structure was solved in the space group P2;2,2; (# 19) by analysis of
systematic absences. All non-hydrogen atoms are refined arisotropically. Hydrogens were
calculated by geometrical methods and refined as a riding model. The Flack parameter was
used to analyze the crystal. If the Flack parameter value is near zero, the absolute structure
given by the structure element refinement is likely correct; if the value is near 1.0, then the
inverted structure (the other enantiomer) is likely correct; if the value is near 0.5, the crystal is
likely racemic. See Flack, H. D.. Acta Cryst. 439, 1983, 876--881. The Flack parameter was
refined to 0.50(16). The chirality of this compound was confirmed by its synthetic source.
The crystal used for the diffraction study showed no decomposition during data collection. All
drawing are done at 50% ellipsoids. Fig. 3-B is the crystal packing diagram along the b-axis

which shows the hydrogen bonding within the crystal, dotted hnes
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502% 12.3 41.6% 14.4 40.7% 9.6 27.8% 8.1 25.5% [0077]Example 4: Characterization of ER-820057
(epi-C23 amine) [0078]A. Preparation of ER-820057 crystal sample 100791ER-820057 is dissolved in
acetonitrile (10 vol) at room temperature and the solution is held at room temperature. Crystal growth

is observed after 2 hours. Crystal sample suitable for powder XRPD test was isolated after 16 to 24
hours. The chemical structure of ER-820057 (epi-C23 amine) is shown below. MeO ER-820057
(Epi-C2Babliasteleotniai)il 0086iBcXreay Rewedar BiffRi 03X RPBH@hakacterization of ER-820057
(epi-C23,3ming)rdAAgl 1 The XRPD of ER-82@037, \was obtained as described above. The XRPD
pattern.s sh?wn in.Fig. 4-A. Table 7 shows t%\gig of peaks with relative intensities in the XRPD

pattern: TEBIE #°%E8PD Peaks of ER-820057

Temperature
Wavelength
Crystal system
Space group

Unit celi dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness 1o theta = 23.25%
Absorption correction
Refimement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(D)
R indices (all data)

Absolute structure parameter
Largest diff. peak and hole

1(%%5) %3 amine) Position (2
0.71073 A

Orthorhombic

P22

a=90.6545(16) A o= 90°.
b=11.6562(19) A R= 90°.
c=33.618(6) A v =80°,
3783.1(11) A3

4

1.315 Mg/m?

¢.097 mm-}

1616

0.12 x 0.12 x 0.04 mm3

1.85 10 23.25°.

~10<=h<=10), -12<=k<=12, -37<=]<=25
18298

5420 [R(int) = 0.0866]

106.0 %

None .
Full-matrix least-squares on 72
3420/0/482

1.025 )

Ri1=0.0670, wR2 = 0.1275
R1=0.1032, wR2 = (11421
0.5(16)

0.503 and -0.261 ¢.A-3

[6675] C. X-ray Powder Diffraction (XRPD) Characterization of ER-819531 (epi-C23

diol) Monohydrate

10076] The XRPD of ER-81953] monohydraie was obtained as described above, The

XRPD pattern is shown in Fig. 3-C. Table 6 shows the list of peaks with relative intensities in

the XRPD pattern.
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Rel. Int. (%) 20.6 108.9% 15.9 100.0% 7.0 96,4% 18.5 93.9% 21.4 87.3% 20.0 85.8% 19.1 84.6% 24.4
84.3% 17.8 80.6% 21.9 74.8% 13.0 73.1% 15.0 66.1% 22.6

Table 6. XRPD Peaks of ER-819531 {epi-C23 diol}
Position {20) Rel. Int. (%)
20.6 100.0%
17.2 91.9%
16.1 83.1%
24.4 77.9%
17.8 177.8%
22.1 76.4%
20.0 73.2%
15.2 71.9%
19.1 71.5%
2.1 70.8%
17.3 69.4%
18.6 69.4%
214 68.6%
28.2 67.5%
26.2 67.3%
2.7 62.6%
292 61.8%
13.1 55.8%
L5 56.2%
i2.3 41.6%
14.4 40.7%
9.6 27.8%
8.1 25.5%

[0877] Example 4: Characterization of ER-820057 (epi-C23 amine)
[0678] A. Preparation of ER-820857 crystal sample
[06679] ER-820057 is dissolved in acetonitrile (10 vol) at room temperature and the

solution is held at room temperature. Crystal growth is observed after 2 hours. Crystal .sample
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65.4% 24.0 63.3% 26.2 62.0% 27.3 60.1% 25.7 56.7% 2% 26.8 55.2% 10.6 50.3% 12.1 48.6% 11.9
45.2% 14.3 44.8% 9.6 36.0% 9.7

suitabie for powder XRPD test was isolated after 16 to 24 hours. The chemical structure of

ER-820057 (epi-C23 amine) is shown below.
MeC

ER-B20057
{Epi-C23 Diastereomer)

[0080] B. X-ray Powder Diffraction (XRPD) Characterization of ER-820057 (epi-C23

amioe}
10081} The XRPD of ER-820057 was obtained as described above. The XRPD pattern is
shown in Fig. 4-A. Table 7 shows the list of peaks with relative intensities in the XRPD

pattern.
Table 7. XRPD Peaks of ER-82(057 (ep-C23 amine)
Position (26) Rel. Int. (%)
20.6 108.9%
15.9 100.0%
17.0 56.4%
18.5 93.9%
214 87.3%
20.0 85.8%
19.1 ' 84.6%
244 84.3%
17.8 80.6%
1.9 74.8%
13.0 73.1%
15.0 66.1%
226 65.4%
24.0 63.3%
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35.1% 10.9 31.3% 8.0 29.6% [0082]Example 5: Characterization of ER-111197 (epi-C34 did)
Monohydrate 100831A. Crystallization procedure for the generation of X-ray quality crystal
100841ER-111197 (1 wt) was dissolved in acetonitrile (8 vol). Water (0.8 vol) was added. The solution
was left to evaporate at room temperature over 2-3 days. If the crystal does not form, the solution is
evaporated to dryness and the procedure is repeated unfil the crystal forms. The chemical structure of
ER-111197 (epi-C34 dipBfs shown below. MetP5Ef/411197 (Epi-C34 Diastereomer) [0085]B. Single
Crystal X-Ray Determinagioh of ERZT 97 (epi-G3# gigt) Monohydrate [0086]The colorless needle
crystal with dimensions:0.22-x-0.14-x-0.04-mm-was_mounted-on-a-0-2-hm-nylon loop using very small
amount of paratone oil. ﬁ?e single crystal structéfb?/%,hown in Fig. 5-A, was determined using the
procedure described abay®] Table 7 Iists the cryﬁa;l‘ﬂata and structure refinement parameters used to
dete,mine the single crys stat_straeture-of ER-11 5.., 54F monohydrate-—The-structure was solved in the
space group P212121 (# %gby analysis of systéniatic absences. All non-hydrogen atoms were
refined anisotropically. HY@fogens were calculatéd ¢ geometrical methods and refined as a riding
model. The Flack paranigtey was used to anatyzggthe, crystat if the Flack parameter value is near zero,
the absolute structure given.by.the structure element refinement.is likely correct; if the value is near
1.0, then the inverted str&étﬁre (the other enant |6ﬁ'|%4) is likely correct; |f the value is near 0.5, the
crystal is likely racemic.| $eg Flack, H D.. Acta|Qeygt4+439, 1983, 876--881. The Flack parameter was
refined to 0.3(13). The ¢hirality-ef-this-compourd-was-confirmed-by-i#s-syrthetic source. The crystal
used for the diffraction <>tgg;/ showed no decomposition during data collection. All drawing are done at
50% ellipsoids. Fig. 5-B|i8.2he crystal packing diagrth along the a-axis which shows the hydrogen
bonding within the cryst ucture refinement for
ER-111197 monohydrate anlrmal fnrmula(‘Am 160Nm 3 Eormula weight748.88 Temperature193(2)
K Wavelength0.71073 A 8.0 29.6%

{6082} Example 5: Characterizatior of ER-111197 (epi-(34 diol} Monohydrate
j6083] A. Crystallization procedure for the generation of X-ray quality crystal
H084] ER-111197 (1 wt) was dissolved in acetonitrile (8 vol}. Water (0.8 vol) was added.
The solution was left to evaporate at room temperature over 2-3 days. If the crystal does not
form, the solution is evaporated to dryness and the procedure is repeated until the crystal

forms. The chemical structure of ER-111197 (epi-C34 diol) is shown below.

ER-411197
{Epi-C34 Diastersomer)

[0085] B. Single Crystal X-Ray Determination of ER-111197 (epi-C34 diol)
Monchydrate
[0086] The colorless needle crystal with dimensions 0,22 x .14 x (.04 mm was mounted

on a 0.2 nm nylon loop using very small amount of paratone oil. The single crystal structure,
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Crystal systemOrthorhombic Space groupP2(1)2(1)2(1) Unit cell dimensionsa = 9.907(3) Aa=900 . b =
11.212(4)A[3=90. ¢ = 34.483(13) Ay = 90'. Volume3830(2) A3 4 Density (calculated)1.299 Mg/m3
Absorption coefficient0.096 mmi F(000)1616 Crystal size0 22 x 0 14 x 0.04 mm3 Theta range for data
collection1.18 to 27.91. Index ranges-13<=h<=12, -14<=k<=13, -42<=1<=45 Reflections
collected27456 Independent reflections Completeness to theta = 27.91' Absorption correction Max.

and min StRsihEgGonRefelrerrmeinsmoberreedtrs e rnhd Aot sl abe dhistslsi-fit on F2 Final R

indices [ir@sigmtlilRindices daiheaial AbapliiesSikgide-RAAAMANRS LarRes, il sheaknd hole 9109

[R(int) = (%(H{Z?l 99.,53 % None 0.9962 and 0.9792 Full-matrix least-squares on F2 9109 / 0 / 482 0.893
0 -1111%7T monohydrate. The struciure was solved i the space group P2;2,2, (# 19) by

analysis of systematic absences. All non-hydrogen atoms were refined anisotropically.
Hydrogens were calculated by geometrical methods and refined as a riding model. The Flack
parameter was used to analyze the crystal. If the Flack parameter value is near zero, the
absolute structure given by the stracture element refinement is likely correct; if the value is
near 1.0, then the inverted structure (the other enaniiﬂmef) is likely correct; if the value is near
0.5, the crystal is likely racemic. See Flack, H. ID.. Acta Cryst. 439, 1983, 876881, The
Flack parameter was refined to 0.3(13). The chirality of this compound was confirmed by its
synthetic source. The crystal used for the diffraction study showed no decomposition during
data collection. All drawing are done at 50% ellipsoids. Fig. 5-B is the crystal packing
diagram along the a-axis which shows the hydrogen bonding within the crystal, dotted lines.

[0087) Table 7. Crystal data and structure refinement for ER-111197 monohyvdraie

Empirical formula CaalleoNO13

Formula weight 748.88

Temperature 193(H K

Wavelength 0.71073 A

Crystal svstem Orthorhombic

Space group P2(12(1)2(1)

Unit cell dimensions a=9907(N A o= 90°,
b=11212(4) A = 90°.
c=34.483(13) A ¥ = 90°,

Volume 3830(2) A3

Z 4

Density (calculated) 1.295 Mg/m3

Absorption coefficient 0.096 mm-1

F(000) 1616

Crystal size 0.22 x 0.14 x 0.04 mm?

Theta range for data collection
Index ranges
Reflections collected

1.18 10 27.91°.

-13<=h<=12, -14<=k<=13, 42<=]<=45

27456



Rl =0.0652, wR2 0.1453 Rl = 0.1398, wR2 - 0.1659 03(13) 0.911 and -0.346 e.A-3 [0088]C.
Simulated X-ray Powder Diffraction Spectrum of ER-111197 (epi-C34 diol) Monohydrate 100891The
simulated XRPD spectrum of ER-111197 generated from the single crystal data is shown in Fig. 5-C.
[0090]Example 6: Characterization of ER-809681 (epoxide) [0091]A. Crystallization procedure for the
generation of X-ray quality crystal [0092]ER-809681-00 (50 mg) was dissolved in dichloromethane
(0.25 npideRemtane (E:6oml) was added. Thexsodtamivas stied until visually homogeneous. lie

solutio% X@ﬁﬁéﬂ%@’u‘?\’i@?@?q}?‘l room tempgyatyre over 18 hours. Crystal suitable for X-ray
crystallography y I

0 hy study was collected by decantjnlg supernatant liquid. The chemical structure of
ER-SOQ‘B'?éﬁTBB%ﬁH@f??Ehown below. MeQ_ o™ unt
nrs.".1 M. 0098iBuSinyiestnystal X-ray detérffibiaarh®bi1PR-809681 (epoxide) [0094]Single crystal
X-ray deigiisinationmethod varies from that gescribest aagveandsisiditailed in the following section.
[OOQS]%&QIPQ%%HISOPI%Q %@# of C4-1560119n@¥ipg Afgroximate dimensions of 0.30 x 0.10 x 0.10
ram was Mmounted on A giass fiber. The single c¢rystal structure is shown in Fig. 6-A, All measurements
were nidpdessseRMY AXIS RAPID imagi%]‘ Jate area detector with graphite monochromated.
Cu-K-aFingiBtiodichsd&xasigmaiiperformed frdfi 3 BEGHAIRE thid fdere exposed for 15 seconds. The
crystalgorigiectay gigtance was 127.40 mm Qelkannsanigandoaresientation matrix for data collection

correspy %ﬁﬂet&rﬁcﬁﬂ%w Q ggorhombic celpwitnydimensions: a = 9.4700(3) A; b = 17.6327(5) A; ¢ =
23.179&%) A;V =387 .47%95) A'.ForZ=4andF. / E;%gs%%@e calculated density was 1.223
CkO2n;

g/cmB.Wgﬁf@rﬂ%a%g‘@}?ces of: h0O: h 2} %I?@ 1 2n uniquely determine the space
group to be: P212121 (#19). The crystal packing diagram is shown in Fig. 6-8. 100961 The data were
collected@isgitemger Sivrel ofed X+riyP tovdemBiifmanticGpedtiof A3685 1 NS apf-3tBd<killation images
were col oteiﬂférsa\%eep of data was done using to scans from 80.0 to 260.0 in 30.0 step, at x = 54.0
and 4)= 57 he exposure rate was 15.0 [sect]. A second sweep was performed using to scans from
80.0 to 2608%in 30 bestopilated XRPsperirgr=of G0l ITAY Sepettnd iate Basngernedaisthother
sweep wasiprHamed tiging to scans from 80.0 to 260.0 in 30.0 step, at x = 54.0 and 4) = 180,0. The
exposure rate was 15.0 [sec./]. Another sweep was performed using to scans from 80.0 to 260.0 in
30.0' step, at x =54.0 and (l) = 270.0". The exposure rate was 15.0 [sec./]. Another sweep was
performggesaing tEseapte R BRrAdRAARI0N IpfIR08sMHS] dbpoxiBeh0 and 4) = 0.0. The exposure rate
was 15.(?# ﬁe/]. The&r stal-fo-detector (gista ce'tﬁ/as 127.40 m ReadoulL ,%%_anrformed in the

|

0.100 m | méde- [0 éfgﬂl'«”gaﬁ% ion: OF %gfgi‘fﬁ‘?é’ffé%brﬁg t‘h“aati ere collected, 934 were
unique (FOA92 0.0FB):86§68Ia0Er(6 fofiettiondisretecthisrdisbloThectirear BBSarbiioR wEEfiEleht, M. for

Cu-Ka ragigtion, %Sd&e’a’?%ﬁ&(ﬁuésh%&R@é&i&%ﬁ%&%@mémfﬁ&ssg@a&@sm&&wmresulted in
transmission factors ranging from 0.748 to 0.930. The data were corrected for Lorentz and polarization
effects. slowly evaporated at room temperature over 18 hours. Crystal suitable for X-ray

crystallography study was collected by decanting supernatant liquid. The chemical structure of
ER-809681 (epoxide) is shown below.

ER-809681



[0098]Structure Solution and Refinement: The structure was solved by direct methods (SHELX97:
Sheldrick. G.M. (1997)) and expanded using Fourier techniques. See DIRDIF99: Beurskens,Admiraal,
G., Beurskens, G., Bosman, W.P., de Gelder, R., Israel, R. and Smits, J.M.M.(1999), "The DIRDIF-99
program system, Technical Report of the Crystallography Laboratory,” University of Nijmegen, The
Netherlands. The non-hydrogen atoms were refined anisotropically, Hydrogen atoms were refined

using thé0idilg mBedirphectivapbician st mingtior 45 EEGGAPE8 rémazideht on F2, depicted as
Ew(FO2-0g342 WhergW cryiedst savaresieignismussbased aond Mk aksspiaddsiiestions and 461

variable §arameters. It converged (largest parameter shift was 0.01 times its esd) with unweighted and
weightedE24e1 b e IRMBESHUR E liFot -E IFol = 0.0630 and wR2 = [ (w (FO2 _ F02)2 )! E
W(F.2)2,{08951j0.2 16811000 TRe standiasticigmiatiomediap ahseryatieriphanibwaeightwas 1.10, with the
standar vigtion of an observation of unit weig calcléated as [Ew(F02-Fc2)2,/niq.. vs+ Nv)}112,
where: %@-ﬁé%@%?%@é‘%ﬁiﬂg éﬁ%"ﬁé[&e u Bé?]ﬁke\%ﬁﬁ@é . eﬁ%&?&’f?ﬁ%‘%ﬁ% minimum
peaks onihe fiflaheifiecenne hewisndram edtiespoRdedIE 0. PDandgd P Bas kyaedpegtvely. 1001001

Neutral atom scattering factors were taken from Cromer and Waber: "Interna ona Tables for X-ray
oyl e e St e B O oo
dispersicheeffectsaperalifiellbl echimdE&0 Th( sestbersidedo@itdantitens VE7@0 hata @Giystallogr., 17, 781
(1964)), S and AP obraine: %%%&g}gg & McAuley, W.J .;
"Internat%%%gr%é@ﬁo?%%%%ﬁ%%ﬁé%gfg%gi E%J}(;: Wlé n, e [§° E}%uwer A?cademic Publishers,
Boston, Talsehanbs: selpaitbsimesim: @ 99247006d vhilbas fopiRé Mdss ath LigR doefficients were

taken frofgygueens). L. FolzHubhelly b = 7integnalional lablesferRustalography 1ol C, (AJ.C.
Wilson, ed.), Kluwer Academic Publishers, Boston, Table 4.2.4.3, paFa%as 200-206 (1992). All

calculatiSers Haween el beihg therefilidsdndild R iaetr AR SuRn e pikage. See

CrystalSgragueebet PO; oy el Slrustes Adalysin b arkege i Rigaky @rfdeRégaku/MSC (2000-2005),
9009 New Trails Dr. The Woodlands TX 77381 USA; and CRYSTALS Issue 10: Watkin, D.J., Prout,
C.K. Carftfitfdrs, JTke daBevarggBereial CRERIEANE Afstaod iy DepérsEs0 ealisef UK. (1996).

The excepiian 1@ 1his WesiBe ARIGHAUORS JAl e IRRRRA T AMNEE MRS REHA MGE USKDSHELXIT:
Sheldrick, G.M. (1997). Crystal Data: Empirical Formula Formula Weight Crystal Color, Habit Crystal

Dimensisadyst80syiore i Daince 9y perurlaxint i arbe D ébdliol eozinerimixds 3l Pdtice
Parameigrs SPace. GRS RABIHEPRAnk 1 Gchhi R 1188 96980032 #B0° step, at
x = 54.0° and ¢ = 105.0°. The exposure rate was 15.0 [sec./°]. Another sweep was performed
using o scans from 8.0 to 260.0° in 30.0° step, at ¥ = 54.0° and ¢ = 180.0°. The exposure rate
was 15.0 [sec./”]. Another sweep was performed using ® scans from 80.0to 260.0° in 30.0°
step, at ¥ = 54.0° and $ = 270.0°. The exposure rate was 15.0 [sec./°]. Another sweep was
performed using o scans from 80.0 to 260.0° in 30.0° step, at y = 0.0°and ¢ = 0.0°. The
exposure rate was 15.0 [sec./®]. The crystal-to-detector distance was 127.40 tnm. Readout was

performed in the 0.100 mm pixel mode.

[0097] Data Reduction: Of the 16412 reflections that were collected, 934 were unigue

(Rint = 0.043); equivalent reflections were merged. The linear absorption coefficient, u, for

Cu-K, radiation is 7.229 cm™. An empirical absorption correction was applied which resulted
in transmission factors ranging from 0.748 to 0.930. The data were corrected for Lorentz and

polarization effects.



colorless, block 0.30 X 0.10 X 0.10 mm orthorhombic Primitive 3 oscillations @ 15.0 seconds 127 40
nun 0.100 nun a =9.4700(3) Ab =17.6327(5) A ¢ - 23.1790(6) A V = 3870.47(19) A3 P212121 (#19)
4 1.223 g/cm3 1536.00 7.229 cm Intensity Measurements: Diffracto meter Radiation Detector
Aperture Data Images Rigaku RAXIS-RAPID CuKa = 1.54187 A) graphite monochromated 460 mm x
256 mm 30 exposures 03 oscnlatlon Range (x—54 0, 6=15.0) 80.0 - 260.00 Exposure Rate 15.0 sec./0
co oscill HffIRan il 55 IO ESPaE e 9l ved by direct methods

{(SHELX97: Sheldnick, G.M. (199’?)) and expanded using Fourier techniques. See DIRDIFSY:
Beurskens, P.T., Admiraal, G., Beurskens, G., Bosman, W.P., de Gelder, R., Israel, R. and
Smits, LM M .(1999), “The DIRDIF-99 program system, Technical Report of the

Crystallography Laboratory,” University of Nijmegen, The Netherlands. The non-hydrogen

atoms were refined anisotropically, Hydrogen atoms were refined using the riding model. The
final cycle of full-matrix least-squares refinement on F2, depicted as Ew(Fo2-Fc2)2 where w =
least squares weights, was based on 7045 observed reflections and 461 variable parameters. It
converged (largest parameter shift was 0.01 times its esd) with unweighted and weighted
agreement factors of: R1 = I ||[Fo| - [Fcji / £ [Fo| = 0.0630 and wR2Z=[Z (w (F-FP YL
wiF P = 0.2168.

[0099] The standard deviation of an observation of unit weight was 1.10, with the standard
deviation of an observation of unit weight calculated as [Ew(Fo2-Fe2)2/(No-Ny)11/2, where:

No = number of observations and Ny = number of variables. The maximum and minimum

peaks on the final difference Fourier map comresponded to (.20 and -0.28 e~/ A%, respectively.
[00100] Neutral atom scattering factors were taken from Cromer and Waber; "International
Tables for X-ray Crystallography", Vol. IV, The Kynoch Press, Birmingham, England, Table
2.2 A (1974). Anomalous dispersion effects were included in Fea. (see Ibers, J. A. &
Hamilton, W. C.; Acta Crystallogr., 17, 781 (1964)), and the values for Af’ and A" were
obtained from Creagh, D. C. & McAuley, W.J .; "International Tables for Crystallography",
Vol C, (A.J.C. Wilson, ed.), Kluwer Academic Publishers, Boston, Table 4.2.6.8, pages 219-
222 (1992). The values for the mass attenuation coeffictents were taken from Creagh, D. C. &
Hubbell, I.H..: "International Tables for Crystallography”, Vol C, {A.J.C: Wilson, ed.), Kluwer
Academic Publishers, Boston, Table 4.2.4.3, pages 200-206 (1992). All calculations were
performed using the CrystalStructure crystallographic software package. See CrystalStruciure
3.7.0: Crystal Structure Analysis Package, Rigaku and Rigaku/MSC (2000-2005), 9009 New
Trails Dr. The Woodlands TX 77381 USA; and CRYSTALS Issue 10: Watkin, D.J., Prout,
C.K. Carruthers, 1.R. & Betteridge, P.W., Chemical Crystallography Laboratory, Oxford, UK.

(1996). The exception to this was the calculations for refinement, which was performed using

SHELXY7: Sheldrick, G.M. (1997).



15.0 sec./0 co oscillation Range (x=54.0, 6=180.0) 80.0 - 260.00 Exposure Rate 15.0 sec./0 03
oscillation Range (x-540, 6=270.0) 80.0 - 260.00 Exposure Rate 15.0 sec./0 co oscillation Range
(x=0.0, 4)=0.0) 80.0 - 260.00 Exposure Rate 15.0 sec./0 Detector Position 127.40 rum Pixel Size
0.100 mm 20max 136.50 No. of Reflections Measured Corrections Structure Solution and
Refinement: Structure Solution Refinement Function Minimized

Crystal Data:

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal Systern
Lattice Type
Indexing Images
Detector Pogition
Pixel Size

Lattice Parameters

Space Group
Z value
Deale

Fgog
WCuK,)

Intensity Measurements:

Diffractometer
Radiation

Detector Aperture
Data Images

o oscillation Range (y=54.0, ¢=15.0)
Exposuore Rate

o oscillation Range (y=54.0, =105.0)
Exposure Rate

o oscillation Range (y=54.0, ¢=180.0)

Exposure Rate

o oscillation Range {y=54.0, ¢=270.0)
Exposure Rate

o oscillation Range (y=0.0, $=0.0)

Exposure Rate
Detector Position
Pixel Size

Zemax

C4pHs6011

712.88

colorless, block

030X 010X 0.10 mm
orthorhombic

Primitive

3 oscillations @ 15.0 seconds

12740 mm
0.100 mm

a= 94700(3) A
b= 17.6327(5) A
c= 23.1790(6) A
V =3870.47(19) A’
P212121 (#19)

4

1.223 g/em®
1536.00

7.226 em™

Rigaku RAXIS-RAPID
CuKa (r =1.54187 A)
graphite monochromated
460 mm X 256 mm

30 exposures

80.0 - 260.0°
15.0 sec./©
8G.0 - 260.0°
15.0 sec./©
80.0 -260.00
15.0 sec./©
80.0 - 260.0°
15.0 sec./O
80.0 - 260.00

15.0 sec /O
127,40 mm
3.100 mm

136.5¢



Least Squares Weights 20max cutoff Anomalous Dispersion No. Observations (All reflections) No.
Variables Reflection/Parameter Ratio Residuals: Rl (1>2.00a(l)) Residuals: R (Al].reflections)
Residuals: wR2 (All reflections) Goodness of Fit Indicator Max Shift/Error in Final Cycle Maximum
pealc in Final Diff. Map Minimum peak in Final Diff. Map Total: 16412 Unique: 37266 (Rim = 0.043)
Lorentﬁgolgg%%ion Absorption (trans. factors: 0.748 - 0.930) Direct Methods (SHELX97) Full-matrix
least-squaleS G ELW tEF5 e Re2)2 w = 1/f o-2(F02I}T?;?éo?éé?% -P)2 +1,4243 - P where P =
(Max(F02,0) + 2F,2)/3 136.50 All non-hydrogen atom&8%546461528 © 9849 0.1326 02 168 1.103
Q014 G:96%}K85.0.28 elA3 [00101] C. X-ray PowderIDiRtaBaBHEXRP D) Characterization of
ER-809681 (epoxide) [00102] The XRPD collection MHEIPIBHYBI this compound varies from the method

. : _70 (ans. ; 9 in Fig. 6-
describeg above only in the fhefa scan range, 2-70 . s et ghtdtn ¥93Mbwn in Fig. 6-C.

raciure inement:

Structure Solution Direct Methods (SHELX97)

Refinement Full-matrix least-squares on F2

Function Minimized I w (k2 - F2)2

Least Squares Weights w= 1/ [ 52(F,2) + (0.0877 - P)2
+1.4243 - P
where P = (Max(F,2.0) + 2F:2)/3

28max cutoff 136.5¢

Anomalous Dispersion Al non-hydrogen atoms

No. Observations (All reflections) 7045

No. Variables 461

Reflection/Parameter Ratio 15.28

Residuals: R1 (1>2.006(1)) (0.0630

Residuals: R (All reflections) (1326

Residuals: wR2 (Al reflections) 0.2168

Goodness of Fit Indicator 1.103

Max Shift/Error in Final Cycle ‘ 0.014

Maximum peak in Final Diff. Map 0.20 ¢/A3

Minimum peak in Final Diff. Map -0.28 e/A3

[06101] C. X-ray Powder Diffraction (XRPD) Characterization of ER-809651
{epoxide)

[00102]  The XRPD collection method for this compound varies from the method described
above only in the theta scan range, 2-70 °. The XRPD pattern is shown in Fig, 6-C.

Table 8. XRPD Peaks of ER-80%681 (epoxide)
Position (20) Rel. Int. (%)

16.2 100.0

15.8 60.3

13.9 453

19.9 40.8

93 39.1
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Table 8, XRPD Peaks of ER-809681 (epoxide) Position (20) Rel. Int. (%) 16,2 100.0 15.8 60.3 13.9
45.319.940.89 339 22.136.820.734.917.133.46.533.021.832.318.126.0

22.1 36.8
26.7 349
17.1 334
6.5 33.0
21.8 323
i8.1 26.0
21.4 22.0
14.4 21.2
10.2 21.0
18.9 19.6
154 19.4
12.2 15.1

[00103] D. Simulated XRPD Spectrum

[00104]  The simulated XRPD pattern generated from the single crystal data is shown in Fig
6-D. | |

00105] Example 7: Anti-cancer Activity

[00106] The anti-cancer activity of the compounds described above, in the crystalline forms
described, was determined using cell growth inhibition assays as described in Liw, J. et al.
Anticancer Research, 27:1509-1511 (2007). The activity data in terms of ICs; nM 1s described
below in Table 9. MES-SA and MES-SA/Dx5-Rx1 uterine sarcoma, were obtained from the
American Type Culture Collection and grown in the recommended conditions.

{00167] Cell Growth Inhibition Assays. Cells were seeded at 7.5 x 1(}3 celis/well in 96~
well plates in the recommended medium supplemented with 10% FBS and penicillin,
streptomycin and L-glutamine. After 4 hours incubation, the test compound was added to
each well to give a series of concentrations ranging from 0 to 10 pM. The cultures were
incubated for 4 days at 37°C. The cell growth was determined using modifications (see Finlay
G. J., et al. “A semijautomated microculture method for investigating growth inhibitory effects
of cytotoxic compounds on exponentially growing carcinoma cells.” Anal Biochem 139: 272-
277, 1984) of a methylene blue-based microculture assay (See Towle M. ], et al. “In vitro and

in vivo anticancer activities of synthetic macrocyclic ketone analogues of halichondrin B.”
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21.422.014.421,210.221.08.919.6 15.419.4 2.2 [00103] D. Simulated XRPD Spectrum 1001041
The simulated XRPD pattern generated from the single crystal data is shown in Fig 6-D. [00105]
Example 7: Anti-cancer Activity [00106] The anti-cancer activity of the compounds described above, in
the crystalline forms described, was determined using cell growth inhibition assays as described in Liu,
J. et al. Anticancer Research, 27:1509-1511(2007). The activity data in terms of IC50 nM is described
below inF2a6f& BeMiES 08 Hid MEX s Abprediim viesapmosatamdhamsils sistairiaadioritihe American
Type CultgrgiGotestar-ang.are pl%fﬁ?ﬁ racommendad-qapsifions, AARLA%L Gall&arayih Inhibition

Assays. Cells were seeded at 7.5 x 103 cells/well in 96- well plates in the recommended mcdium
supplem¥fRteditHirefovie A8 nd Fermems-  snepbHRidIA B ik geatsinBakte r A4RIES incubation,
the test casmpestng was-aslded to each well to give a series of concentrations ranging from 0 to 10 p.M.
The cult ere ingubated for 4 days at 37C. The cell growth was determined using modifications
(see Finﬁg%.d., et Fsﬁ@éﬁfﬁ%?&ﬁ‘ﬂfﬂﬁm FB&J‘@F@“H‘?fﬁBﬁW?HVé’SﬁE‘AﬁﬁS‘ErOWth inhibitory
effects ofesjadoxi(MBRpoAnds of lexpanential ygrowing It dcinemausel IV IZRAABIe MR 139: 272-
277, 19 ethylene blue-based.microculture assa eT > M. J.._et al. 'In vitro and in vivo
nteanc R B S e G AT s A B 0 Res 61,
O13-102%mmr)iomqmééﬁhmﬂviaﬂbﬁmmﬁramhtmme sftéighébv_\ﬁih Mmeﬁfimﬁhylene blue
(500 pg/ndy fRrdn s AfEF anasbivitnmalss Y18 siainasrrlis e rodissob/ac iR dan P! of

sarcosine (I mg/ml) for 90 mm with gentle shaking. The plates were read at A500 - A405.

100108 FEtRLBRHHNY I -ebinmenn a0 PLuRUEr Stireatedrd a8 #heired iy e eiteel(MDR). A pair of

human uigtigeosaiaema eRlblingsas vesda Y ES B he MRRudiieparenial seliliee, and
Dx5-Rxl, a.cell line derived from MES-SA after long term of exposure to doxarubicin. This subline

expressés ’ngtSﬁ%’ TRIAPSLRTRETIIS b Eabielitraedaied d B0 P EMESRN in McCoy's
5A supplementedenithatPo B Sanaigenicillin, streptomycin and L-glutamine and cell growth was
measured as above. The ratio of the 1050 values obtained in the parental and resistant cell lines was
termed fold resistance and provided an indication of compound susceptibility to
P-nlycoprdtiif-mediated MDR against the two cell lines were compared with each other. Table 9

Crystglline Form: Exampte Activity Data Ratio of

Crystalline Form: Example (ICs; nM) DxR-Rx1/
| MES-SA | Dx5-Rx1 | MES-SA

ER-076349 monchydrate [ | 0.03 6.5 217
ER-818906 (epi-C20 diol} mono-acetonitrile 2 0.96 75 78
soivate
ER-819531 (epi-C23 diol) monohydrate 3 1.4 330 236
ER-820057 (epi-C23 amine) 4 33 1G00 303
ER-111197 (epi-C34 diol) monohydrate 5 0.23 43 186
ER-809681 (epoxide) 6 0.23 2.81 12




Activity Data (IC50 rtM) Ratio of DxR-Rx1 / MES-SA MES-SA Dx5-Rid ER-076349 monobydrate 1
0.03 6.5 217 ER-818906 (em-C20 diol)mono-acetonitrile solvate 2 0.96 75 78 ER-819531 (epi-C23
diol) monohydrate 3 1.4 330 236 ER-820057 (epi-C23 amine) 4 3.3

The claimed mmvention is:

1. A crystalline monohydrate of the compound:
Meq

2. The crystalline monohydrate of claim 1, characterized by a powder x-ray diffraction
pattern having peaks at 9.3 °26 =+ 0.2 °28, 10.4 °20 =+ 0.2 °26, and 13.0 °208 £ 0.2 °26.
3 The crystalline monohydrate of claim 2, further characterized by a differential scanning

cajorimetry thermogram having an onset temperature ranging from about 157 to about
161 °C.

4. A pharmaceutical composition, comprising a therapeutically effective amount of the
crystalline monohydrate of claim 1 and a pharmaceutically acceptable carrier.

5. A composition of claim 4, further comprising a chemotherapeutic drug.

6. The composition of claim 5, wherein said chemotherapeutic drug is selected from the
group consisting of antimetabolites, antibiofics, alkylating agents, plant alkaloids, and
hormonal agents.

7. A crystaliine form of the compound:
Mel

8. The crystalline form of the compound of claim 7, characterized by a powder x-ray
diffraction pattern having peaks at 6.5 °26 +£0.2°26,9.3°20 £0.2°208,and 17.1 °26 =
0.2 ©26.

9. A crystalling form of the compound:



1000 303 ER-111197 (epi-C34 di ol) rnonohydr te 5 0,23 43 186 ER-809681 (epoxide) 6 0.23 2.81 12
The claimed invention is: 1.A crystalline monohydrate of the compound: MeQ 2. The crystalline
monohydrate of claim 1, characterized by a powder x-ray diffraction pattern having peaks at 9.3 '20
0.2'20, 10.4'20 0.2 020, and 13.0 '20 0.2 '20. 3. The crystalline monohydrate of claim 2, further
characterized by a differential scanning calorimetry thermogram having an onset temperature ranging
from about 157 to about 161 C. 4. A phz&??ﬂace tical caomposition, comprising a therapeutically
effective amount of the crystalline mongh rg"ge i cl i{nﬁ%}and a pharmaceutically acceptable carrier.
5. A composition of claim 4, further'@ngpriéfng"a cheit he‘%?(gpeutic drug. 6. The composition of claim

5, wherein said chemotherapeutic drﬁg« s selget group consisting of antimetabolites,
antibiotics, alkylating agents, plant alkaloidsz? hgrmpa ,anghts.
O

24
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10.  The crystalline form of the compound claim 9, characterized by a powder x-ray
diffraction pattern having peaks at 13.0 °28 +0.2°26, 15.0 °26 + 0.2 °20, and 15.9 °20
* (.2 °28.

11. A pharmacewtical composition, comprising a therapeutically effective amount of a

crystalline form of the compound of claim 9 and a pharmaceutically acceptable carrier.

12, The crystalline mono-acetonitrile solvate of the compound:

13.  The crystalline solvate claim 12, characterized by a powder x-ray diffraction pattern
having peaks at 7.9 °20 £ 0.2 °20,23.7°20 +0.2°26,32.8 °26 +0.2 °268, and 40.0 °28

4 0.2 929, _
14, The crystalline monohydrate of the compound:




7. A crystalline form of the compound: MeO 8. The crystalline form of the compound of claim 7.
characterized by a powder x-ray diffraction pattern having peaks at 6.5 020 0.2 020. 9.3 '20 0.2 '20,
and 17.1 020 0.2 '20. 9. A crystalline form of the compound. 10. The crystalline form of the
compound claim 9, characterized by a powder x-ray diffraction pattern having peaks at 13.0 020 0.2
‘20, 15.0 020 0.2 020, and 15.9 '20 0.2 '20. 11. A pharmaceutical composition, comprising a
therapétiticaliypefFaERibrameunksiraiepf sl d formest Hacoi B IRreAnBHAr UGS dngt
pharmaceuticgdaegspiable carrier. 12. The crystalline mono-acetonitrile solvate of the compound:
meg 13. The crystalline solvate claim 12, characterized by a powder x-ray diffraction_pattern having
peaks &t7.9 T Gy'eiine pnobxsrgeooogainy khishan et ihiras gz 073 HBE The crystalline
monohydratepefidheraompasiid aieg 035+ bheccystatlinepmonohydrate of claim 14) yvherein the

crystalline monohydrate Is in a racemic form. 16. The crystalline monohydrate of claim 14,
charactérized R4 BBtk SapRaTi HieRy SAmpRIERS hEwREPEsRY alsdinoameust sHes 1 020 0.2 020,
and 14.3 '20 ByaA26: Adbardacaiticabeomnpabilisiirenoenricing a-thgranewicrtly effective amount of
the crylséallinei_lrknonosg}{ rate of clajm 1#@% %ggharm aceutically acceptable carrier. 18. The crystalline
monohydrate SF R CoMB AU é%tf" PRAR rystalline monohydrate of claim 18. characterized
by a powder x-ray diffraction pattern haw@ peaks at 8.3 020 0.2 020, 15.8 '20 0.2 020, and 16 6 020
0.2 '20. 20. A pharmaceutical compositign,/camplising a‘therapeutically effective amount of the
crystalline monohydrate of claim 18an arr_naceﬁ i ﬂcceptable carrier.

Hh

19.  The crystalline monohydrate of claim 18, characterized by a powder x-ray diffraction
patiern having peaks at 8.3 °28 + 0.2 °26, 15.8 “26 = 0.2 °24, and 16.6 °26 + (.2 °20.
20. A pharmaceutical composition, comprising a therapeutically effective amount of the

crystaliine monohydrate of claim 18 and a pharmaceutically accepiable carrier.
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